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The anisotropy of the high field conductivity in n-Si is investigated by making use of 
the hyperbolic approach at room temperature. The velocity-field characteristics are calcu-
lated for the electric field in both the <111> and <100> directions. The maximum 
anisotropy is given at a field where the curvature of the velocity-field characteristics 
become maximum. 
1. Introduction 
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For n-Si the relation between the carrier velocity and the electric fi~ld is linear at low fields 
and at high fields the deviations occur from the linear dependence due to the intravalley and the 
intervalley scatterings, i.e., the conductivity depends on field [1]. Moreover, the conductivity 
becomes anisotropic at a high-field region as a result of the many-valley band structure of Si 
and the effective-mass anisotropy of the individual valleys. The investigations of the longitudinal 
anisotropy in n-Si have been carried out theoretically [2] - [5] . Analytically, the Boltzmann 
transport equation may lead to an answer to our problems of interest, which needs considerably 
troublesome calculations. However, it can be expected that the hyperbolic approach which fits 
the experiment in the nonlinear· velocity-field characteristics [6] - [8] may give easily ~ character-
istic of anisotropic conductivity although qualitatively. 
In this pap£r, it is assumed that the constant energy surfaces are ellipsoidal in n-Si. And the 
high field conductivity of n-Si is calculated for the field in the <111> and <100> directions 
in the { 110} plane using the hyperbolic equation, since it may be considered that the current 
density J <I 1 I> is the highest and J <100> is the lowest in the dire,ctions, < 1 00>, <11 0> and 
<111>, wher.e a Sasaki effect does not appear. An electric field for the maximum anisotropy 
is estimated also. 
2. Anisotropic conductivity in n-type silicon 
Since the constant energy surfaces are considered to be ellipsoidal in Si, the velocity-field 
relation is given [8] 
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01.'=01. + eo, 
(1) 
(2) 
, 
where E is the electric field, V is the carrier velocity, Vo is the saturation velocity, 01. is the 
effective hyperbolic parameter, {3 is the intersectional coefficient, -y is the corrective c?efficient 
and Po is the low-field mobility, and 01. is the hyperbolic parameter, e is an adjustable co-
efficient and 0 is a parameter which may be determined by the direction of applied field. In 
equation (2), 01.'= 01. if 0 =0 (We call this case a simple model' hereafter). 
Transforming ellipsoidal surfaces into spheres, we can introduce an "effective field" E* 
given by [8] 
E* = ( I + 0 ) E, (3) 
where E is the electric field in the simple model. In the case where field is in the <111> 
direction, all the valleys will be identicaL On the other hand, if the field is applied in the <100> 
direction, there will be two cool valleys and the remaining four hot valleys. However, it may be 
assumed that the effects contributed by the carriers in the four valleys cancel out, considering 
popUlations and the effective masses. 
Evaluating the values of ~ , we get 
-0.3Vo 2 ;$ e~ 0 for 
Esp,ecially, if the normalized field poE/Yo is increased sufficiently, e tends to the uniform 
value -0.1 Vo 2. It may be assumed then that the adjustable coefficient e is to be almost 
constant. Here we have used the values for the simple model as V. 
So the velocity-field characteristics calculated by (1) are shown for the uniform value 
_ 2 2 2 
c =0.1 Vo and for the mean value -0.15Vo between 0 and -O.3Vo ,in Fig.1 and Fig.2, 
respectively, using the following values of the parameters, 
0I.=(1/10) Vo :l, {3=-y=1/10, Vo=1.0xl07 cm/s,,uo=1500 cm2 /V·s, 
where mo is the free electron mass. For the simple model 'the density of states' effective mass 
is used. As shown in Figs. 1 and 2, the calculated velocity-field curves for the different electric 
field directions show a good agreement with the experimental characteristics qualitatively. 
Here the calculated values for the simple model are shown simultaneously for the sake of the 
comparison. 
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Fig. 1. Drift velocity vs applied electric field 
for different directions in n-Si at room 
temperature (~=.-O.10Vo 2). 
Fig. 2. Drift velocity vs applied electric field 
for different directions in n-Si at room 
temperature (e:=-O.15Vo2 ). 
3. Maximum anisotropy 
. In Sec. 2 it is shown that (1) may give the velocitY-field .relation for a different direction of 
field. Let us consider the velocity VI and V2 , and the effective hyperbolic parameter at and 
a2 for the electric field in the <111> and <100> directions, respectively. Then the <111>-
<100>' anisotropy (J is given by 
{ • 2 } J 2} } I [Jlo (1 +-y)E- Vo (l-{3)] +4a2 "2 + {[Jlo (1 +-y)E- Vo (1-{3)] +4al"2 
The curvature of the velocity-field characteristics " is given by 
2e/ (1 +-y)2 / Vo 2 
" = -------------------------------------------------
(4) 
(5) 
It can be seen by (4) that 8 has a maximum value when E=Vo(1-{3)/[Jlo{1+-y)] . From (5) 
the curvature" is found to be maximum when E=Vo{1-{3)/[Jlo{1+-y)] . Consequently it can be 
seen that the maximum anisotropy occurs when E=Vo{1-{3)/[Jlo{1 +-y)] ,and that the curvature 
of the velocity-field characteristics is maximum at this electric field. 
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4. Conclusions 
The longitudinal anisotropy of the high field conductivity in n-Si is investigated for the field 
in the <Ill> and <100> directions by making use of the hyperbolic approach. It is found that 
the maximum anisotropy appears at the field giving the maximum curvature in the velocity-field 
curves; at the field E=Vo{1-J3)j[J.Lo{1+y)] in this paper. The equation (1) taking into account 
the ~ffective field gives a good agreement with the experimental characteristics qualitatively 
as shown in Figs. 1 and 2. A disagreement is seen at only a low-field region, since we have 
introduced the effective field as if the carriers are 'hot ' in the all field ranges of from the ohmic 
region up to the saturation region. It may be considered, however, that this disagreement does 
not make it unre'!sonable to calculate the field for the maximum anisotropy, since the obtained 
value for that is sufficiently high. It may be considered also that the curvature of the velocity-
field characteristics is to be an important factor to discuss the anisotropy. 
As mentioned previously [6 J - [8] ,this treatment may be valid for the case of the low 
carrier concentrations. 
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